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(54) Focal plane array calibration method 

(57) A method of calibrating gains and offsets for a 
two-dimensional detector array 10 comprising individual 
detector elements 14, including: (a) focusing a first 
incoming image signal at a first power level onto the 
detector array 10; (b) reading the corresponding electri- 
cal signals from the detector elements 14 as a first 
image frame at the first power level; (c) for each detector 
element 14, translating the first incoming image signal 
by a detector element distance onto an adjacent detec- 
tor element; (d) reading the corresponding electrical 
signal from the detector elements 1 4 as a second image 
frame at the first power level; (e) focusing a second 
incoming image signal at a second power level onto the 
detector array 10; (f) reading the corresponding electri- 
cal signals from the detector elements 14 as a first 
image frame at the second power level; (g) for each 
detector element 14, translating the second incoming 
image signal by a detector element distance onto an 
adjacent detector element; (h) reading the correspond- 
ing electrical signals from the detector elements 14 as a 
second image frame at the second power level; (i) 
selecting a reference detector element 18; (j) determin- 
ing the gain of detector elements adjacent to the refer- 
ence detector element 18 from: (1) the corresponding 
electrical signals of the reference detector element 18 
and said adjacent detector elements 14 from the first 
and the second images at the first and the second 
power levels, respectively, and (2) the gain of the refer- 
ence detector element 18; and (k) determining the oft- 
set of said adjacent detector elements 14 from: (1) the 
corresponding electrical signals of the reference detec- 



tor element 18 and said adjacent detector elements 14 
from the first and second image frames at the first 
power level, (2) the gain of the reference detector ele- 
ment 18, (3) the offset of the reference detector element 
18. and (4) the gain of said adjacent detector elements 
14. 
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Description 
BACKGROUND 

5 The invention relates to the field of focal plane array sensors (FPA) and in particular to focal place array flat-field 

calibration by a cross-pixel step-stare reflector. 

Focal plane arrays are optical sensing devices utilized in imaging and night vision devices such as the forward look- 
ing infrared (FLIR) systems, surveillance systems, and sensory/tracking systems for weapon control. In FLIR systems, 
for example infrared radiation emanating from objects is detected with an array of photodetectors, converted to electri- 

io cal signals and then electronically displayed, recorded or used for automatic detection and/or track of targets. FPAs are 
particularly useful in detecting weak objects or objects whose emitted radiation has been strongly attenuated by atmos- 
pheric conditions. 

Stare FPA scanning devices, i.e., devices having multiple detector elements assembled into an array, include a two- 
dimensional array of elements which simultaneously receive information from an area within the field of view of the FPA 
15 utilizing electronic scanning. An optical scanning assembly scans the field of view at a number of different viewing 
angles and reflects the signals received from a particular viewing angle to the scanning array. The optical scanning 
assembly can include oscillating mirrors or vertically and horizontally rotating prisms to hold or "stare" while scanning 
at a particular viewing angle and then move or "step" to a new viewing angle, scanning at this new viewing angle and 
so on. 

20 Calibration of the FPA gains and offsets is often required for achieving the designed resolution of an imaging optics 
system. This procedure generally requires a uniform noise source or one with a profile function precisely known. When 
such a high quality source is not available, specifically during field tests, accurate calibration is not obtainable, and the 
system's imaging capability would be degraded. 

Rat-field calibration sources are usually difficult to include in the imaging optics system because limitations in 

25 space and cost. This is particularly the case for long wave applications. In particular, passive millimeter wave imaging 
technology, providing visibility in obscured weather such as in fog, rain and snow, require substantially simplified and 
improved calibration, for both pixel gains and offsets. 

There is therefore a need for a calibration technique without the use of the uniform or flat-field source. There is also 
a need for system utilizing a simplified calibration technique, such that the system saves cost and space. 

30 

SUMMARY 

The present invention satisfies these needs. The present invention provides a method of calibrating gains and off- 
sets for a two-dimensional detector array comprising individual detector elements. The method comprises the steps of: 

35 focusing a first incoming image signal at a first power level onto the detector array; reading the corresponding electrical 
signals from the detector elements as a first image frame at the first power level; for each detector element, translating 
the first incoming image signal by a detector element distance onto an adjacent detector element; reading the corre- 
sponding electrical signal from the detector elements as a second image frame at the first power level; focusing a sec- 
ond incoming image signal at a second power level onto the detector array; reading the corresponding electrical signals 

40 from the detector elements as a first image frame at the second power level; for each detector element, translating the 
second incoming image signal by a detector element distance onto an adjacent detector element; and reading the cor- 
responding electrical signals from the detector elements as a second image frame at the second power level. 

The method further comprises the steps of: selecting a reference detector element; determining the gain of detec- 
tor elements adjacent to the reference detector element from: (1) the corresponding electrical signals of the reference 

45 detector element and said adjacent detector elements from the first and the second images at the first and the second 
power levels, respectively, and (2) the gain of the reference detector element; and determining the offset of said adja- 
cent detector elements from: (1) the corresponding electrical signals of the reference detector element and said adja- 
cent detector elements from the first and second image frames at the first power level, (2) the gain of the reference 
detector element, (3) the offset of the reference detector element, and (4) the gain of said adjacent detector elements. 

so The selection and determination steps can be repeated for all detector elements of the detector array. 

The present invention also provides a computer software system including program instructions implementing the 
method of the present invention. 

The present invention also provides a focal plane array calibration system for calibrating the gains and offsets for a 
two-dimensional detector array comprising individual detector elements. The system comprises: an optical assembly 

55 for focusing incoming image signals onto the detector array; an input system for reading the corresponding electrical 
signals from the detector elements; and a controller for controlling the optical assembly and the input system for: focus- 
ing a first incoming image signal at a first power level onto the detector array; reading the corresponding electrical sig- 
nals from the detector elements as a first image frame at the first power level; translating the first incoming image signal 
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bvadetector element distance onto an adjacent detector element for each detector elemem ; r f^ in9 ^ ero ^°"*" 9 

electrical signals from the detector elements as a second image frame at the second power level 

\he system further comprises a processor for: selecting a reference detector element; determining the gain of 
detect everts a^acem to the reference detector element from: (1) the corresponding ie.ectncal ^ * 
2Sd^^£SS«l said adjacent detector elements from the first and the second .mages at the f'rstandfr.e 
!^n?^Sr resoectivelv and (2) the gain of the reference detector element; and determining the offset of sari 
lZ^Z^ e ~t fiil corresponding aectrica. signa-s of ^S^SiX^S£ 
ad acent detector elements from thefirst and second image frames at the second power level (2) the gain i ol tne i rerer 
enXo^ offset of the reference detector element, and (4) the gain of said adjacent detector ele- 

merits. 
DRAWINGS 

These and other features, aspects and advantages of the present invention will become understood with reference 
to the following description, appended claims and accompanying drawings where: 

Fig. 1 illustrates the steps of a method of calibrating gains and offsets of a detector array according to the present 
invention; 

Fig. 2 illustrates an embodiment of a calibration cycle according to the method of Fig. 1 ; 
Fig. 3 illustrates the synchronized source amplitude with the step-stare reflector waveform of F.g. 2; 
Fig. 4 illustrates a block diagram of a calibration system according to the present invention; 
Fig. 5 is a block diagram of an example step-stare reflector system for Fig. 4; and 
Fig. 6 illustrates example parameters for programming the step-stare reflector of F.g. 5. 
DESCRIPTION 

Referring to the drawings, a method of calibrating gains and offsets for a ^ 0 ^^^^[^ 
the detector elements 14 are stored in a memory device. The image of calibration source 12 is then transited by one 

a,«?^Xm=ge a, . first pc«er lev* onto the detector a™, 10: <^£°*™£%g£%%tZZ. 
nals from the detector elements 14 as a first image frame at the first power level: tor each detector element 

P °Thf method further comprises the steps of: selecting a reference detector element 14; determining the gain of 
det ector demems adjacent™ the reference detector element 14 from: (1) the corresponding electncal signate of the 
fpSncJ .deTetfor element 14 and said adjacent detector elements from the first and the second image frames at the 

the offset of said adjacent detector elements from: (1) the corresponding electrical signals of the reference detector ^eie 
SaSjac^ detector elements from the first and second image frames at the ftrst power level. (2) the 



3 



EP 0 830 013 A2 



gain of the reference detector element 14, (3) the offset of the reference detector element 14, and (4) the gain of said 
adjacent detector elements. The selection and determination steps can be repeated for all detector elements of the 
detector array. 

As shown in Fig. 2, an FPA calibration method according to the present invention utilizes a step-stare reflector 16 

5 with an unspecified noise source 12. An FPA 10 is an orthogonal, two-dimensional detector array with NXM detectors 
14. The detectors 14 can be visible light, infrared, millimeter wave or microwave sensors. 

For offset calibration, the natural background source is sufficient. A switch noise source with illumination power 
slightly higher than the background radiation is used for pixel gain calibration. In both cases, advantageously, source 
uniformity and knowledge of the source function amplitude are not required. 

10 An implementation of the above method includes six general steps. The first step includes focusing the image sig- 
nal of the switching calibration source 12 at the first power level onto the FPA 1 0, then digitizing and recording the cor- 
responding electrical signal levels for the entire FPA 10 as a first image frame at the first source power level. The second 
step includes translating horizontally (vertically) the image signal of the switching calibration source 1 2 at the first power 
level by one pixel distance to the left (top), so the adjacent detector element to the left (top) of every element 14 on the 

75 FPA 10, except the one on the left (top) edge of the FPA 1 0, observes the same image as that observed by a reference 
element 1 8 in the first step, thai digitizing and recording the corresponding electrical signals for the entire FPA as a sec- 
ond image frame at the first source power level. 

The third step includes focusing the image signal of the switching calibration source 12 at the second power level 
on to the FPA 10, then digitizing and recording the corresponding electrical signal levels for the entire FPA 10 as a first 

20 image frame at the second source power level. The fourth step includes translating horizontally (vertically) the image 
signal of the switching calibration source 12 at the second power level one pixel distance to the right (down), so the 
adjacent detector element to the top (bottom) of every element on the FPA 10, except the one on the right (bottom) edge 
of the FPA, observes the same image as that observed by the reference element 1 8 in the third step, then digitizing and 
recording the corresponding electrical signal levels as the second image frame at the second source power level. 

25 The fifth step includes determining the gain of every adjacent detector element 14 from: (1) the ratio of the differ- 
ence of the electrical signals observed by the reference detector element 1 8 under the two source power levels used to 
the difference of that observed by the adjacent detectors 14 under the same source power levels, and (2) the gain of 
the reference detector 18. 

The sixth step includes determining the offset of every adjacent detector element 14 from; (1) the corresponding 
30 electrical signals observed by the adjacent detector element 14 and the reference detector 18 under the same source 
power level, (2) the gain of the reference detector 18, (3) the offset of the reference detector 18, and (4)the gain of the 
adjacent detector element 1 4. The above steps are repeated for all detector elements 1 4 of the FPA 1 0 except one. The 
one detector which has no other detector to refer to will be calibrated in a separated procedure. 

35 Calibration Principle 

The calibration principle utilized in the present invention is described in this section. Referring to Fig. 2, the detec- 
tors 1 4 are arranged in the form of a two-dimensional array with NxM pixel elements, or a NxM FPA. In calibration mode, 
the image observed by a reference pixel (ij) is moved to walk through the neighboring three pixels, (i+1 J), (i+1 ,j+l) and 
40 (i,j+i), in a 4-step cycle and the switching source 12 is synchronized with the step-stare motion, as shown in Fig. 3. 
For the first 1/2 cycle, the following relations are computed: 



45 



50 

where Ay, Oy. and Sy are the pixel gains, pixel offset, and source strength respectively, and i=1,2....N. and 
j=1,2...M. 

From relations (1) and (2) the offset of pixel i+1 ,j can be obtained from the following relation: 

55 
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nals detected by V„ and V^, the following relation is obtained: 



Oi.i, = (VV./A^ - V wj /A wj ) + 0^,/A^ 



(4) 



10 



15 



for i=1....N-1 . and j=1 .2....M. 
Subtracting relation (4) from relation (3) yields: 
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for i=1 .2....N-1 , j=1 .2....M. backaround radiation level, but detailed 

^rsr less ssxs: - .*— • » — - 

the gain of the first pixel. 

impiomontatinn of the C alihratinn Principle 

Tne step-stare ref .ector 1 6 is utilized to achieve « and t££^£ZEl2EZ 
16 is used to move the image over the FPA 10 by exarty one P-xe. ^^^^^y identical illumina- 
an accuracy specified by the calibration ^'^f^^^^ anSl gain of these two pixels, 

tion for every adjacent pixel pair, thereby allowing a ^^^^^^° a , fK ^ to the same illumination 
Since every pixel f..D on the FPA 10 is compared ^^^^^bSSn the adjacent pixel pair can 
under the effect of the step-stare reflector* <£T ! ™» SSSLg. of the absolute gain 

movl anKS image signal in afour-step cyclic motion in the following manner: 

w ^ * hu p n-1 2 3 N i=1 2 3....M), are observed identically by 

(a) The images observed by each detector, denoted by _ P, (Ui .2,3 ..N j 1^ . ^ g 
the three neighboring detectors P i+1j . Pi and P ii+1 (i-i.z.3...rs.j-i 

(b) The signal detected at P 5 is defined by: 

* where O, is the detector offset signal. A, is the detector signal gain and 8, is the source strength. 

(c) The signal detected at P Klj is defined by. 

(2 ) 

55 

where 0*. is the detector offset sfcnal. is the detector signal gain and S, is the source strength. The source 
strength in relation (1) is the same as that in relation (2). 
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(d) From relation (1) and relation (2), the cascaded equation for the offsets are obtained: 

0 Mi = tV^/A.; - V^/^y) + O^/A^ (3) 



10 (e) The steps for obtaining relations (1) and (2) are repeated with a different source S'y, using the synchronized 
switching source. The signals detected at Py and P M j are Vy and V i+ i j. respectively, equivalent to relation (3). The 
offset of P^-jj is defined as: 



75 



so (f) Combining relations (3) and (4) the cascaded equation for the pixel gain for index i in the x dimension is: 
A Mj =A tj (V' y - V iS )/(V wj - V^l (5) 

25 



(g) Similar cascaded equations are obtained for index j in the y dimension based on the step-stare effect on position 
P i+1j and Pj+ij+1- 

30 

The method of the present invention can be implemented as a computer software system for a dedicated proces- 
sor, such as an TMS 320C50, or a general purpose computer such as a personal computer. The steps of the method 
of the present invention can be programmed as program instructions utilizing a program language such as C as is well 
known to the practitioners in the art. The mathematical relations can be implemented utilizing a simulation package of 

35 a math library readily available. 

In another aspect, the present invention provides a focal plane array calibration system 20 for calibrating the gains 
and offsets for a two-dimensional detector array 10 comprising individual detector elements shown in Fig. 4. The sys- 
tem 20 comprises: an optical assembly 22 for focusing incoming image signals onto the detector array 10; an input sys- 
tem 24 for reading the corresponding electrical signals from the detector elements 14; and a controller 26 for controlling 

40 the optical assembly 22 and the input system 24 for: focusing a first incoming image signal at a first power level onto 
the detector array 10; reading the corresponding electrical signals from the detector elements 14 as a first image frame 
at the first power level; translating the first incoming image signal by a detector element distance onto an adjacent 
detector element 14 tor each detector element; reading the corresponding electrical signals from the detector elements 
14 as a second image frame at the first power level; focusing a second incoming image signal at a second power level 

45 onto the detector array 10; reading the corresponding electrical signals from the detector elements 14 as a first image 
frame at the second power level; translating the second incoming image signal by a detector element distance onto an 
adjacent detector element for each detector element 14; and reading the corresponding electrical signals from the 
detector elements 14 as a second image frame at the second power level. 

The system 20 further comprises a processor 28 for: selecting a reference detector element 18; determining the 

so gain of detector elements 14 adjacent to the reference detector element 18 from: (1) the corresponding electrical sig- 
nals of the reference detector element 18 and said adjacent detector elements 14 from the first and the second images 
at the first and the second power levels, respectively, and (2) the gain of the reference detector element 1 8; and deter- 
mining the offset of said adjacent detector elements 14 from: (1) the corresponding electrical signals of the reference 
detector element 18 and said adjacent detector elements 14 from the first and second image frames at the second 

55 power level, (2) the gain of the reference detector element 18. (3) the offset of the reference detector element 18, and 
(4) the gain of said adjacent detector elements 14. 

The optical assembly 22, the detector array 10, the input system 24 and the controller 26 are well-known to the art 
and, therefore, descrtoed as an example below. The method of the present invention described herein and shown in the 
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drawings can be used as a pseudo code for programming a general purpose or dedicated computer system. Example 
computer systems suitable for use with the present invention are described in the example below. 

An example step-stare reflector is described here. Although the present invention does not depend on a particular 
mecran^nTSThe s?ep-stare reflector used, the calibration accuracy indeed depends strongly on the .mage ^position 
anfaSgnmert accuracy of the reflector. A block diagram for the step-stare reflector mechanism .s shown ,n fij. & The 
T^ector is^made of a light weight (0.75 lbs ). 10"x1 1 .5"x0.5" honeycomb aluminum plate for millimeter wave apphobon 

at the center using two double-end flexure pivots. Model Lucas 6008-400, wrth h,gh rad.al strffness (22.000 beVin) and 

■"WS^JK using four high qua.* voiced, actuators. Mode. EB. ^5-15^ a 

forceanS 1 .35 lb./Amp. The actuator coils have time response faster than 1 00 micro-seconds, allowing doses,m- 
uSSST actuator waveform in the frequency range from DC to above 20 kHz. Two 'f^^^J^ 
Model Keyence EX-500-016. with a linearity =±0.3% of FS. 0-5 mm detecting d.stance are implemented to sense and 
feed-back control the step-stare motion to achieve the desired timing and position accuracy. . 

SSrSJy a airrerS waveform mode, can be used to produce the required step-stare motor,: (1) moving the 
tmpincaiiy. a cu..b i oositionina P 1 in a four-step cyclic motion; (2) timing all motions to take 

55 S2E » achieving ^on a„f 

Ks thanTt 7xel distance; and (4) achieving timing accuracy of better than 0.1 milliseconds. A summary of current 

^tT^STa^Zrl mode, compares the motions of the actuators to the motion of a harmonic ^oscillator: 
,, d S = ^iW (relatioT^). Where *. .nertia about axes « - x.y ; B relates to the back ele^omotve 
oVceTEMF) by the actuator coils. K is the characteristic spring rate and N(t) is the r W ir * ™™*™^ T ™T£n 
a^aS toVque By determining the re.ationship between the force constant and the ™9™1ude of me back EMF con- 
stant B. relation 6 can be integrated to obtain the position profile *) for a given current wavef mNR 

The force waveform in Fig. 6 is proportional to the actuator current waveform. N(t)=F(t)L= /(t)K F L where K F s the 
actual to ro£*an7and Us the eff^e arm-length of the torque. This waveform can be coined by d^ere^^^ 
^SSS^SSS^Sm. as shown in relation 6. AHernatrvely. N(t) can be modeled using a 

ina coefficient B and the back EMF. Within an accuracy of a few percents. B=K F L. where K F is me same lorce 
oo^SnTo^e abator voice-coil and L is the effective arm-length. Solution N(t) can be optimized by a number of 
%^£Z^pmk force magnrtude. the rise time requirement, the accuracy requirement, the power con- 

^T^^^-mS^CSX digital signa. processing (DSP) K rt can be used for ft. control of ^actu- 
ators and the data acquisition from the position sensors. The actuator current waveform is P re ^^ 
buffer the TMS320C5CX PROM. This waveform is sequentially read into the driver program to 'V*^™?** 
^ the on-board analog interface circurt rnode. TLC32040C. ^^^^Ta^- 
a dual channel 1 4 bit ADC. The output of the DAC is buffered and applied through two Model APEX 1 2PA power ^ampt. 
fierst mTa^aton" With the cornet current waveform, the current phases of the four actuators ™»«™<£^ 
Se me four-step step-stare motion as follows: Referring to actuator 1 (zero phase), actuator 2 lags 90 actuate 3 
fags 180' and actuatoM lags 270-. The on-board ADC are used to monitor me posit.on sensor signals to provide pre- 

^T^Z^^^^ ref iector described herein can be applied to omer optics bands 

*CeSXn described in considerate detail with reference to certain preferred versions 
ther^howlve^. leTeiions are possible. Therefore, the spirit and scope of me appended claims shou.d not be Urn- 
ited to the description of the preferred versions contained herein. 



so 



Claims 

1 . A method of calibrating gains and offsets for a two-dimensional detector array comprising individual detector ele- 
merits, me method comprising me steps of: 

(a) focusing a first incoming image signal at a first power level onto the detector array: 

(b) reading the corresponding electrical signals from me detector elements as a first image frame at me f.rst 

EcTfor' ^detector element, translating the first incoming image signal by a detector element distance onto 

an adjacent detector element; . . ... 

(d) reading the corresponding electrical signal from the detector elements as a second .mage frame at the f rat 
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power level; 

(e) focusing a second incoming image signal at a second power level onto the detector array; 

(f) reading the corresponding electrical signals from the detector elements as a first image frame at the second 
power level; 

s (g) for each detector element, translating the second incoming image signal by a detector element distance 

onto an adjacent detector element; 

(h) reading the corresponding electrical signals from the detector elements as a second image frame at the 
second power level; 

(i) selecting a reference detector element; 

io (j) determining the gain of detector elements adjacent to the reference detector element from: (1) the corre- 

sponding electrical signals of the reference detector element and said adjacent detector elements from the first 
and the second images at the first and the second power levels, respectively, and (2) the gain of the reference 
detector element; 

(k) determining the offset of said adjacent detector elements from: (1) the corresponding electrical signals of 
is the reference detector element and said adjacent detector elements from the first and second image frames at 

the first power level, (2) the gain of the reference detector element. (3) the offset of the reference detector ele- 
ment, and (4) the gain of said adjacent detector elements; and 
(I) repeating steps (i) and (k) for one or more detector elements of the detector array. 

20 2. The method of claim 1 wherein the step of determining the gain of the adjacent detector dements includes com- 
puting: (1) the ratio of the difference of the electrical signals observed by the reference detector under the two 
source power levels, to the difference of the electrical signals observed by the adjacent detectors under the two 
source power levels, and (2)the gain of the reference detector. 

25 3. The method of claim 2 wherein the step of determining the gain of the adjacent detector elements comprises com- 
puting the relation: 

A Wj -tv r v 9 vor MJ -v Mj )xA, 

30 wherein: 

N and M define the dimensions of the rows and columns of the detector array, respectively; 

i=1,2,...N-1; 

j=1,2,...M; 

35 is the electrical signal of a reference detector element ij from the first image frame at the first power level; 

Vjj is the electrical signal of the reference detector element ij from the first image frame at the second power 
level; 

M is the electrical signal of an adjacent detector element i+1j from the second image frame at the first power 
level; 

40 V' j+1 j is the electrical signal of the adjacent detector element i+1 j from the second image signal at the second 

power level; 

Ajj is the gain of the reference detector element ij; and 
A i+1 j is the gain of the adjacent detector element i+1 j. 

45 4. The method of claim 1 wherein the step of determining the offset of the adjacent detector element comprises com- 
puting the relation: 

O - (V y/A y - V i+lj /A Mj ) + O p A j/A M j 

so wherein: 

N and M define the dimensions of the rows and columns of the detector array, respectively; 

t=1.2,... N-1; 

j«1,2,...M; 

55 is the electrical signal of a reference detector element ij from the first image frame at the first power level; 

V j+1] is the electrical signal of an adjacent detector element i+1 j from the second image frame at the f irst power 
level; 

Ajj is the gain of the reference detector element ij; 
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Aj +1j is the gain of the adjacent detector element i+1 j; 
On is the offset of the reference detector element ij; and 
O i+1j is the offset of the adjacent detector element i+1 j. 

A method of calibrating gains and offsets for a two-dimensional detector array comprising individual detector ele- 
ments, the method comprising the steps of: 

(a) focusing a first incoming image signal at a first power level onto the detector array; 

<b) rSSng the corresponding electrical signals from the detector elements as a fast .mage frame at the fist 

Sto It* detector element, translating the first incoming image signal by a detector element distance onto 

an adjacent detector element; . A Q * *u a firct 

(d) reading the corresponding electrical signal from the detector elements as a second .mage frame at the fret 

Dower level* 

(e) focusing a second incoming image signal at a second power level onto the detector array; 
roread^cwresp^^ 

STfor Sch detector element, translating the second incoming image signal by a detector element distance 

onto an adjacent detector dement; . Q+ 

°h) reading the corresponding electrical signals from the detector elements as a second .mage frame at the 

second power level; 

(i) selecting a reference detector element; 

(!! determining the gain of detector elements adjacent to the reference detector elements by compufng the 

relation: 

A i+1j = (V r V s )/(V i+ir V i+1j )xA lj 

wherein: 

N and M define the dimensions of the rows and columns of the detector array, respectively; 
i=1.2,...N-1; 

^ is the electrical signal of a reference detector element ij from the first image frame at the first power 

^is the electrical signal of the reference detector element ij from the first image frame at the second 

^*s toe electrical signal of an adjacent detector element i+1 j from the second image frame at the first 

VV^s' the* electrical signal of the adjacent detector element i+1 j from the second image signal at the sec- 
ond power level; 

Ajj is the gain of the reference detector element ij; and 
Aj +1j is the gain of the adjacent detector element i+1j; 

(k) determining the offset of said adjacent detector elements by computing the relation: 

O MJ = (V ij/A „ - V i+1j /A M p + O yAij/A M] 

wherein: 

N and M define the dimensions of the rows and columns of the detector array, respectively; 
i=1.2....N-1; 

V, 1 is'the electrical signal of a reference detector element ij from the first image frame at the first power 

U t'is the electrical signal of an adjacent detector element i+1j from the second image frame at the first 

power level; 

Ajj is the gain of the reference detector element ij; 
Ai +1j is the gain of the adjacent detector element i+1j; 
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Oy is the offset of the reference detector element ij; and 
Oj + ij is the offset of the adjacent detector element i+1 j; and 

(I) repeating steps (i) and (k) for one or more detector elements of the detector array. 

5 

6. A method of calibrating gains and offsets for a two-dimensional detector array comprising individual detector ele- 
ments, the method comprising the steps of: 

(a) focusing a first incoming image signal at a first power level onto the detector array; 
10 (b) reading the corresponding electrical signals from the detector elements as a first image frame at the first 

power level; 

(c) for each detector element, translating the first incoming image signal by a detector element distance onto 
an adjacent detector element; 

(d) reading the corresponding electrical signal from the detector elements as a second image frame at the first 
75 power level; 

(e) focusing a second incoming image signal at a second power level onto the detector array; 

(f) reading the corresponding electrical signals from the detector elements as a first image frame at the second 
power level; 

(g) for each detector element, translating the second incoming image signal by a detector element distance 
20 onto an adjacent detector element; 

(h) reading the corresponding electrical signals from the detector elements as a second image frame at the 
second power level; 

(i) selecting a reference detector element; 

Q) determining the gain of detector elements adjacent to the reference detector element from: (1) the corre- 
25 sponding electrical signals of the reference detector element and said adjacent detector elements from the f irst 

and the second images at the first and the second power levels, respectively, and (2) the gain of the reference 
detector element; 

(k) determining the offset of said adjacent detector elements from: (1) the corresponding electrical signals of 
the reference detector element and said adjacent detector elements from the first and second image frames at 
30 the second power level, (2) the gain of the reference detector element, (3) the offset of the reference detector 

element, and (4) the gain of said adjacent detector elements; and 
(I) repeating steps (i) and (k) for one or more detector elements of the detector array. 

7. The method of claim 6 wherein the step of determining the gain of the adjacent detector elements comprises com- 
35 puting the relation: 

Ai +li = (V , r V iJ )/(V i+1j -V i+1j )xA ij 

wherein: 

40 

N and M define the dimensions of the rows and columns of the detector array, respectively; 

i=1,2....N-1; 

j=1,2,...lv1; 

Vy is the electrical signal of a reference detector element ij from the first image frame at the first power level; 
45 Vy is the electrical signal of the reference detector element ij from the first image frame at the second power 

level; 

V j+1 j is the electrical signal of an adjacent detector element i+1j from the second image frame at the first power 
level; 

V' i+1j is the electrical signal of the adjacent detector element i+1 j from the second image signal at the second 
so power level; 

Ajj is the gain of the reference detector element ij; and 
Aj +1 j is the gain of the adjacent detector element i+1j. 

8. The method of claim 6 wherein the step of determining the offset of the adjacent detector element comprises com- 
55 puting the relation: 

O Ml = (V y /A , - V i+1j /A M p + O yA U /A wj 
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wherein: 

N and M define the dimensions ol the rows and columns of the detector array, respectively; 
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j=1.2,...M; 



55 



signa. of a reference detector element ij from the first image frame at the second power 
IT'- is the electrica. signal of an adjacent detector element Ml from the second image frame at the second 

1+1 J 

power level; 

A« is the gain of the reference detector element ij; 
Ai +1j is the gain of the adjacent detector element i+1 j; 
On is the offset of the reference detector element ij; and 
O i+1j is the offset of the adjacent detector element i+1 j. 

A method of ca.ibrating gains and offsets for a twc-dimensiona. detector array comprising individual detector ele- 
ments, the method comprising the steps of: 

<S"£'*S de»c*» ..erne* wrirtng t»«n» incxnlno imao. efenat * • <"•*» *»~ <rt ° 

STS eS detectc Ml .anstalin, the second incoming M» signal b» a detector element distance 
^S^JSSSZS^ +m ta. *e dete«r eiemen* as a second ,™=e frame a, ft. 

second power level; 

tion: 

wherein: 

N and M define the dimensions of the rows and columns of the detector array, respectively; 
i=1,2,...IM-1; 

^the electrica. signa. of a reference detector e.ement ij from the first image frame at the first power 

5j£ the electrical signa. of the reference detector element ij from the first image frame at the second 

5^5 e.ectrical signa. of an adjacent detector e.ement Mj from the second image frame at the first 

Y^XS 'electrical signal of the adjacent detector element M j from the second image signal at the sec- 
ond power level; 

Aj is the gain of the reference detector element ij; and 
Aj J +1j is the gain of the adjacent detector element i+1j; 

(k) determining the offset of said adjacent detector elements by computing the relation: 

O = (V y/A , - V i+1j /A w j) + O y A ,/A ^ 

wherein: 
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N and M define the dimensions of the rows and columns of the detector array, respectively; 
i=l,2....N-1; 

V'-j is'the electrical signal of a reference detector element ij from the first image frame at the second power 

V i+ ij is the electrical signal of an adjacent detector element i+1 j from the second image frame at the sec- 
ond power level; 

Ay is the gain of the reference detector element ij: 
is the gain of the adjacent detector element i+1 j; 
r0 Oy is the offset of the reference detector element ij; and 

O j+1j is the offset of the adjacent detector element i+1 j, and 

(I) repeating steps (i) and (k) for one or more detector elements of the detector array. 

,5 1 0. A computer software system for calibrating gains and offsets for a two-dimensional detector array comprising indi- 
vidual detector elements, the software system comprising: 

(a) program instructions for focusing a first incoming image signal at a first power level onto the detector array; 

(b) program instructions for reading the corresponding electrical signals from the detector elements as af.rst 
20 image frame at the first power level ; ' 

(c) program instructions for translating the first incoming image signal by a detector element distance onto an 
adjacent detector element for each detector element; 

(d) program instructions for reading the corresponding electrical signal from the detector elements as a second 
image frame at the first power level; a^m™ 

25 (e) program instructions for focusing a second incoming image signal at a second power level onto the detector 

m program instructions for reading the corresponding electrical signals from the detector elements as a first 
image frame at the second power level; ^rf^.^ 

(g) program instructions for translating the second incoming image signal by a detector element distance onto 
30 an adjacent detector element for each detector element; 

(h) program instructions for reading the corresponding electrical signals from the detector elements as a sec- 
ond image frame at the second power level; and 

(i) program instructions for: 

35 (1) selecting a reference detector element; 

(2) determining the gain of detector elements adjacent to the reference detector element from: (a) the cor- 
responding electrical signals of the reference detector element and said adjacent detector elements from 
the first and the second images at the first and the second power levels, respectively, and (b) the gain of 
the reference detector element; and . 

40 ( 3 ) determining the offset of said adjacent detector elements from: (a) the corresponding electrical signals 

of the reference detector element and said adjacent detector elements from the first and second image 
frames at the first power level, (b) the gain of the reference detector element, (c) the offset of the reference 
detector element, and (d) the gain of said adjacent detector elements. 

1 1 . The computer software system of claim 10 wherein the program instructions in part (i) include program instructions 
for performing steps (i)(1 ) - (i)(3) for two or more detector elements in the array. 

1 2. The computer software system of claim 1 0 wherein the program instruction for determining the gain of the adjacent 
detector elements includes program instruction for computing the relation: 

A l+1J =(V lj -V lJ )/(V l+lj -V l+1J )xA lJ 

wherein: 

N and M define the dimensions of the rows and columns of the detector array, respectively; 
i=1,2,...N-1; 

Vjj is the electrical signal of a reference detector element ij from the first image frame at the first power level; 
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V, is the electrical signal of the reference detector element ij from the first image frame at the second power 
level* 

V k1 j is the electrical signal of an adjacent detector element i+1 j from the second image frame at the first power 

5 v£j is the electrical signal of the adjacent detector element i+1 j from the second image signal at the second 

power level; 

Ay is the gain of the reference detector element ij; and 
Ai +1 j is the gain of the adjacent detector element i+1j. 

io 13. The computer software system of claim 10 wherein 

the program instructions for determining the offset of the adjacent detector elements include program 

instructions for computing the relation: 

0 M j-CV | /A | -V w /A M p+0 8 A ( /A MJ 
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wherein: 



N and M define the dimensions of the rows and columns of the detector array, respectively; 
i=1,2....N-1; 

20 vji's ' ^electrical signal of a reference detector element ij from the first image frame at the first power level; 

Vm, is the electrical signal of an adjacent detector element i + 1 j from the second image frame at the f .rst power 

level; 

A|j is the gain of the reference detector element ij; 
25 A i+1j is the gain of the adjacent detector element i+1 j; 

Oy is the offset of the reference detector element ij; and 
O i+1j is the offset of the adjacent detector element i+1 j. 

14. A computer software system for calibrating gains and offsets for a two-dimensional detector array comprising indi- 
30 vidual detector elements, the software system comprising: 

(a) program instructions for focusing a first incoming image signal at a first power level onto the detector array; 

(b) program instructions for reading the corresponding electrical signals from the detector elements as a f .rst 
image frame at the first power level; , , ^ ... _^^ ori 

as (c) program instructions for translating the first incoming image signal by a detector element d.stance onto an 

adjacent detector element for each detector element; ^^^^ . 

(d) program instructions for reading the corresponding electrical signal from the detector elements as a second 
image frame at the first power level; ._,_, r 

(e) program instructions for focusing a second incoming image signal at a second power level onto the detector 

40 myogram instructions for reading the corresponding electrical signals from the detector elements as a first 

image frame at the second power level; 

(g) program instructions for translating the second incoming image signal by a detector element d.stance onto 
an adjacent detector element for each detector element; . ^ a ^ 

45 (h) program instructions for reading the corresponding electrical signals from the detector elements as a sec- 

ond image frame at the second power level; 
(i) program instructions for: 

(1) selecting a reference detector element; . M4 . flrftr 

2 determining the gain of detector elements adjacent to the reference detector element from: (a) the cor- 
responding electrical signals of the reference detector element and said adjacent detector elements from 
the first and the second images at the first and the second power levels, respectively and (b) the ga.n of 
the reference detector element; and . - 

(3) determining the offset of said adjacent detector elements from: (a) the corresponding electncal s.gnals 
of the reference detector element and said adjacent detector elements from the f .rst and second .mage 
frames at the second power level, (b) the gain of the reference detector element, (c) the offset of the refer- 
ence detector element, and (d) the gain of said adjacent detector elements. 
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15. The software system of claim 14 wherein the program instructions in part (i) include program instructions for per- 
forming steps (i)(1 ) - (i)(3) for two or more detector elements in the array. 

1 6. The software system of claim 1 4 wherein the program instructions for determining the gain of the adjacent detector 
elements includes program instructions for computing the relation: 

A i+ i j = (V 0 -V iJ )/(V Mj -V i+ni )xA ij 

wherein: 

N and M define the dimensions of the rows and columns of the detector array, respectively; 
i=1,2,...N-1; 

V«te : ii^elertrical signal of a reference detector element ij from the first image frame at the first power level; 
V : |j is the electrical signal of the reference detector element ij from the first image frame at the second power 

V^fe the electrical signal of an adjacent detector element i+lj from the second image frame at thef irst power 

V^Jj is the electrical signal of the adjacent detector element i+1 j from the second image signal at the second 
power level; 

A|j is the gain of the reference detector element ij; and 
Aj +1j is the gain of the adjacent detector element i+1 j. 

17. The method of claim 14 wherein the program instructions for determining the offset of the adjacent detector ele- 
ment include program instructions for computing the relation: 

wherein: 

N and M define the dimensions of the rows and columns of the detector array, respectively; 
i=1,2,...N-1; 

V'i/is the'electrical signal of a reference detector element ij from the first image frame at the second power 
l@vel* 

V k1 j is the electrical signal of an adjacent detector element i+1 j from the second image frame at the second 
power level; 

Ajj is the gain of the reference detector element ij; 
Aj +1j is the gain of the adjacent detector element i+lj; 
0,j is the offset of the reference detector element ij; and 
O i+1j is the offset of the adjacent detector element i+lj. 

18. A focal plane array calibration system for calibrating the gains and offsets for a two<Jimensional detector array com- 
prising individual detector elements, the system comprising: 

(a) an optical assembly for focusing incoming image signals onto the detector array; 

(b) an input system for reading the corresponding electrical signals from the detector elements; and 

(c) a controller lor controlling the optical assembly and the input system for: 

(1 ) focusing a first incoming image signal at a first power level onto the detector array; 

(2) reading the corresponding electrical signals from the detector elements as a first image frame at the 

first power level; x . . . . K 

(3) translating the first incoming image signal by a detector element distance onto an adjacent detector 

element for each detector element; 

(4) reading the corresponding electrical signals from the detector elements as a second image frame at 
the first power level; 

(5) focusing a second incoming image signal at a second power level onto the detector array; 

(6) reading the corresponding electrical signals from the detector elements as a first image frame at the 
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second power level; .. . WQlo _ t - r 

(7) translating the second incoming image signal by a detector element distance onto an adjacent detector 

element for each detector element; and . 

grading * e corresponding etectrica. signals from the detector elements as a second .mage frame at 

the second power level; 
(d) a processor for: 

(1) selecting a reference detector element; . . . . ^ . „. 

2 determining the gain of detector elements adjacent to the reference detector element from, (a) the cor- 
^ScScal signals of the reference detector e.ement and said adjacent detector elements £om 
*X!t and the second images at the first and the second power levels, respecfvely. and (b) the ga.n of 

SSSSn^ES^ adjacent detector e.ements from: (a) me corresponding electric* signals 
ttSTSESX*** element and said adjacent detector elements from 

frames at the first power level, (b) the gain of the reference detector element, (c) the offset of the reference 
detector element and (d) the gain of said adjacent detector elements. 

19. The system of claim 18 wherein the processor includes means for determining thegain of the adjacent detector ele- 

merits by computing the relation: 

A i+1j = (V lj -V lj )/(V i+ i j -V i+1) )xA 1J 

wherein: 

N and M define the dimensions of the rows and columns of the detector array, respectively: 
i=1.2....N-1; 

V»te ^electrical signal of a reference detector element ij from the first image frame at the J^ 1 ™* 
V, te me electrical signal of the reference detector element ij from the first .mage frame at the second power 

^jis the electrical signal of an adjacent detector element i + l j from the second image frame at thef irst power 

5£; is the electrical signal of the adjacent detector element M j from the second image signal at the second 
power level; 

An is the gain of the reference detector element ij; and 
Aj +1j is the gain of the adjacent detector element i+1j. 

20. The system of daim 18 wherein the processor includes means for determining the offset of the adjacent detector 

elements by computing the relation: 

O = (V y/A y - V i+1j /A Mj ) + O yAy/A Mj 

wherein: 

N and M define the dimensions of the rows and columns of the detector array, respectively; 
i=1,2....N-1; 

V. 1 i's ^electrical signal of a reference detector element ij from the first image frame at the «rst power ^level, 
5£ MMU signal of an adjacent detector element M j from the second image frame at the f .rst power 

level; 

A|j is the gain of the reference detector element ij; 
Ai + -,j is the gain of the adjacent detector element i+1 j; 
Ojj is the offset of the reference detector element ij; and 
O i+ ij is the offset of the adjacent detector element i+1 j. 

21. A focal plane array calibration system for calibrating the gains and offsets for a two-dimensional detector array com- 
prising individual detector elements, the system comprising: 
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(a) an optical assembly for focusing incoming image signals onto the detector array; 

(b) an input system for reading the corresponding electrical signals from the detector elements; and 

(c) a controller for controlling the optical assembly and the input system for: 

(1 ) focusing a first incoming image signal at a first power level onto the detector array; 

(2) reading the corresponding electrical signals from the detector elements as a first image frame at the 

first power level; .. . . . ,„ 

(3) translating the first incoming image signal by a detector element distance onto an adjacent detector 

element for each detector element; . n „. 

(4) reading the corresponding electrical signals from the detector elements as a second image frame at 
the f irst power level; 

(5) focusing a second incoming image signal at a second power level onto the detector array; 

(6) reading the corresponding electrical signals from the detector elements as a first image frame at the 

second power level; , .. . ^^, nr 

(7) translating the second incoming image signal by a detector element d.stance onto an adjacent detector 

element for each detector element; and 

(8) reading the corresponding electrical signals from the detector elements as a second image frame at 
the second power level; 

(d) a processor for: 

(1) selecting a reference detector element; 

(2) determining the gain of detector elements adjacent to the reference detector element from: (a) the cor- 
responding electrical signals of the reference detector element and said adjacent detector elements from 
the first and the second images at the first and the second power levels, respectively, and (b) the gain of 
the reference detector element; . 

(3) determining the offset of said adjacent detector elements from: (a) the corresponding electrical I signals 
of the reference detector element and said adjacent detector elements from the first and second image 
frames at the second power level, (b) the gain of the reference detector element (c) the offset of the refer- 
ence detector element, and (d) the gain of said adjacent detector elements. 

22. The system of claim 21 wherein the processor includes means for determining the gain of the adjacent detector ele- 
ments by computing the relation: 



Ai + ij = (V , ij -V i] )/(V i+ i j -V i+lj )xA lj 



wherein: 



N and M define the dimensions of the rows and columns of the detector array, respectively; 
i=1,2,...N-l; 

W is ^electrical signal of a reference detector element ij from the first image frame at the first power level; 
\r\ is the electrical signal of the reference detector element ij from the first image frame at the second power 

level' 

V i+1j is the electrical signal of an adjacent detector element i+1 j from the second image frame at thefirst power 

level* . 
V' i+1j ' is the electrical signal of the adjacent detector element i+1 j from the second image signal at the second 

power level; 

Ajj is the gain of the reference detector element ij; and 
Aj +1j is the gain of the adjacent detector element 

23. The system of claim 21 wherein the processor includes means for determining the offset of the adjacent detector 
elements by computing the relation: 

O WJ = (V ij/A y - V j+1j /A kl ,) + O yAjj/A Ml 

wherein: 
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N and M define the dimensions of the rows and columns of the detector array, respectively; 
h=1,2 t ...N-1; 

V'ij'is'ttie electrical signal of a reference detector element ij from the first image frame at the second power 

v£5 is the electrical signal of an adjacent detector element i+1 j from the second image frame at the second 
power level; 

Ay is the gain of the reference detector element ij; 
Aj +1j is the gain of the adjacent detector element i+1j; 
Oy is the offset of the reference detector element ij; and 
O i+1 j is the offset of the adjacent detector element i+1 j. 
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| FOCUS A FIRST INCOMING IMAGE SIGNAL AT A FIRST POWER LEVEL ONTO A DETEC TOR ARRAY \ 



! READ THE CORRESPONDING ELECTRICAL SIGNALS FROM THE DETECTOR ELEMENTS AS A FIRST 

IMAGE FRAME AT THE FIRST POWER LEVEL 



I 



I FOR EACH DETECTOR ELEMENT, TRANSLATE THE FIRST INCOMING IMAGE SIGNAL BY A DETECTOR 
ELEMENT DISTANCE ONTO AN ADJACENT DETECTOR ELEMENT 



I 



I READ THE CORRESPONDING ELECTRICAL SIGNAL FROM THE DETECTOR ELEMENTS AS A SECOND 

IMAGE FRAME AT THE FIRST POWER LEVEL . 



FOCUS A SECOND INCOMING IMAGE SIGNAL AT A SECOND POWER LEVEL ONTO THE DETECTOR ARRAY \ 



I READ THE CORRESPONDING ELECTRICAL SIGNALS FROM THE DETECTOR ELEMENTS AS A FIRST 
I IMAGE FRAME AT THE SECOND POWER LEVEL I 



FOR EACH DETECTOR ELEMENT, TRANSLATE THE SECOND INCOMING IMAGE SIGNAL BY A DETEC10K 
Fl FMFNT DISTANCE ONTO AN ADJACENT DETECTOR ELEMENT 



I READ THE CORRESPONDING ELECTRICAL SIGNALS FROM THE DETECTOR ELEMENTS AS A SECOND 
I IMA GE FRAME AT THE SECOND POWER LEVEL I 



SELECT A REFERENCE D ETECTOR ELEMENT 

I 



DETERMINE THE GAIN OF DETECTOR ELEMENTS ADJACENT TO THE REFERENCE DETECTOR ELEMENT 
FRdPoyEI CORRESPONDING ELECTRICAL SIGNALS OF THE REFERENCE DETECTOR ELEMENT 
AND SAID ADJACENT DETECTOR ELEMENTS ; FHM| 1 THE [ FIRST /» ™ ®»gl^ » THE FIRST 
AND THE SECOND POWER LEVELS, RESPECTIVELY. AND (2) THE GAIN OF THE 

REFERENCE DETECTOR ELEMENT 



I 



DETERMINE THE OFFSET OF SAID ADJACENT DETECTOR ELEMENTS FROM: (1) THE CORRKPONDING 
ElScAL SIGNALS OF THE REFERENCE DETECTOR ELEMENT ^ANC ISM) D ^^^TOR 
ELEMENTS FROM THE FIRST AND SECOND IMAGE FRAMES AT THE . FIRST POW^ THE 
GAIN OF THE REFERENCE DETECTOR ELEMENT. (3) THE OFFSET "OF THE REFERENCE DETECTOR 
ELEMENT. AND (4) THE GAIN OF SATO ADJACENT DETECTOR ELEMENTS 



| REPEAT THE LAST TWO STEPS FOR ONE OR MORE DETECTOR ELEMENTS OF THE DETECTOR ARRAY | 
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(54) Focal plane array calibration method 

(57) A method of calibrating gains and offsets for a 
two-dimensional detector array 10 comprising individual 
detector elements 14. including: (a) focusing a first 
incoming image signal at a first power level onto the 
detector array 10; (b) reading the corresponding electri- 
cal signals from the detector elements 14 as a first 
image frame at the f irst power level; (c) for each detector 
element 14. translating the first incoming image signal 
by a detector element distance onto an adjacent detec- 
tor element; (d) reading the corresponding electrical 
signal from the detector elements 1 4 as a second image 
frame at the first power level; (e) focusing a second 
incoming image signal at a second power level onto the 
detector array 10; (f) reading the corresponding electri- 
cal signals from the detector elements 14 as a first 
image frame at the second power level; (g) for each 
detector element 14, translating the second incoming 
image signal by a detector element distance onto an 
adjacent detector element; (h) reading the correspond- 
ing electrical signals from the detector elements 1 4 as a 
second image frame at the second power level; (0 
selecting a reference detector element 18; 0) determin- 
ing the gain of detector elements adjacent to the refer- 
ence detector element 18 from: (1) the corresponding 
electrical signals of the reference detector element 18 
and said adjacent detector elements 14 from the first 
and the second images at the first and the second 
power levels, respectively, and (2) the gain of the refer- 



ence detector element 18; and (k) determining the off- 
set of said adjacent detector elements 14 from: (1) the 
corresponding electrical signals of the reference detec- 
tor element 18 and said adjacent detector elements 14 
from the first and second image frames at the first 
power level. (2) the gain of the reference detector ele- 
ment 18. (3) the offset of the reference detector element 
18. and (4) the gain of said adjacent detector elements 
14. 
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